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ABSTRACT OF THESIS

PHYSIOLOGICAL CHANGES ASSOCIATED WITH PREGNANT OR
NONPREGNANT MARES GRAZING PASTURES OF ORCHARDGRASSBLUEGRASS, KENTUCKY 31 TALL FESCUE INFECTED WITH EPICHLOË
COENOPHIALA, OR KYFA9821 TALL FESCUE INFECTED WITH THE NOVEL
ENDOPHYTE AR584
Kentucky 31 tall fescue (KY31) infected with the common toxic endophyte
strains of Epichloё coenophiala produces toxic alkaloids that improve plant vigor, but
cause numerous adverse effects in grazing animals. Researchers developed a variety of
KY31 containing an alternative strain of E. coenophiala, termed novel endophyte (NE).
Adverse health effects in mares have not been evaluated.
Experiments in this thesis tested the hypothesis that the NE pasture does not cause
adverse effects typically associated with KY31. Specific aims were to: 1) compare forage
ergovaline concentrations between KY31 vs NE pastures; 2) evaluate palmar artery
diameters in mares grazing KY31, NE, or orchardgrass-bluegrass (OGBG) pastures; 3)
determine mare serum prolactin, estradiol, and progesterone concentrations associated
with ingesting each pasture type over time; and 4) measure foaling outcomes, including
percentage of live foals, foal birth weights, and foal growth rates. In 2015, six
nonpregnant mares grazed KY31, six pregnant mares grazed NE and six pregnant mares
grazed OGBG pastures. In 2016, eighteen mares were used; six mares grazed each
pasture type.
Study results showed that ergovaline did not appear to be produced by NE. Novel
endophyte pasture did not have negative effects on palmar artery diameter, reproductive
hormones, or foaling outcomes.
KEYWORDS: foal, hormones, mare, novel endophyte, tall fescue, vasoconstriction
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CHAPTER ONE: Review of the Literature
1.1 Introduction
Tall fescue, Lolium arundinaceum, has abilities to withstand changing
environmental conditions and still have strong growth throughout the year. The key
to its surviving harsh environments is through the symbiotic relationship with
endophyte Epichloё coenophiala. The endophyte produces a variety of alkaloids,
which improve the plants’ hardiness. However, many of these alkaloids can cause a
clinical syndrome known as fescue toxicosis. Clinical signs in grazing horses include
agalactia, altered serum hormone concentrations, extended gestation length,
vasoconstriction, dysmature foals at birth, and increased foal and placental weights.
Some of these clinical signs are not easy to detect, even with proper management
practices in place. Management tactics may include dilution of fescue in the diet,
removing animals from fescue pastures, and forage testing for ergovaline
concentrations to estimate risk. A novel endophyte tall fescue, or nontoxic
endophyte, has been cultivated in an attempt to replace the Kentucky 31 endophyteinfected tall fescue, retaining plant fitness but without the associated toxic clinical
signs.
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1.2 What is Fescue?
Tall fescue (Lolium arundinaceum) is a perennial, cool-season, forage-type
grass species known to adapt to various climates and stressful habitats. Tall
fescue (Figure 1.1) is dark in color, with a panicle inflorescence, prominent veins,
and serrated edged leaves. As named for the year it was found, the specific
variety of fescue, Kentucky 31, was found on a farm in Menifee County,
Kentucky in 1931 (Ball et al., 2007).

Figure 1.1. Image of a Lolium arundinaceum specimen. On the right, top, are palea and
lemma. Second top is the spikelet, made of florets and two basal glumes. Second bottom
is open sheath and collar, with short auricles. Bottom shows the reverse of the collar area
(Atlanta Lawn Care Services, 2013).
About Fescue
According to the USDA, the Poaceae family has 650-700 genera, such as
Schedonorus, Festuca, Lolium, and Festulolium. These genera all contain different
species of fescue grasses, or closely evolutionarily related grasses. They are categorized
based on evolutionary development characteristics.
Festuca and Lolium are each their own genus: Festuca having 400+ species, and
Lolium having eight species. Both of these genera are forage type grasses naturally
growing all over the world, but in comparison the Festuca is polyploid and Lolium
diploid. Festuca genus grasses are considered fine-leaved fescues, except the subgroup
Schedonorus, which is predominantly broad-leaved. Schedonorus subgenus was moved
from the Festuca genus to the Lolium genus as a result of mounting hybridization data
showing closer relationships with the species of the Lolium genus (Craven et al., 2009).
The species of grasses within the Schedonorus subgenus are native to two
different geographical areas, North Africa and Europe. Some species are able to
hybridize and crossbreed with each other, forming new species within the subgenus
2

(Craven et al., 2009). The new species are most noticeable in the North African regions.
These new species are catching the attention of researchers and scientists because of their
different ploidy counts of diploid (x2), tetraploid (x4), hexaploid (x6), and even
decaploid (x10) (Craven et al., 2009).
Of the traits used to sort the Schedonorus subgenus from the Lolium genus, two
morphological characteristics are predominantly observed: paniculate inforescences and
the presence of a lower glume (Figures 1.2 and 1.3). For several years these factors
helped to distinguish between the two groups, but recently the attention has been drawn
to what they have in common more than what they do not. They have characteristics in
common that no other groups have, such as the flat and wide leaf blades with large
“falcate leaf blade” auricles (Meyer et al., 2003) (Figure 1.3).

Figure 1.2. Identifying features of the plant: inflorescence. Grass species grow and
flower in one of three inflorescence patterns. Spike is the basic type of inflorescence,
and raceme is the intermediate growth pattern. Panicle is the most complex of the
three. Lolium arundinaceum flowers in the Panicle structure (Penn State University,
2015).
Other factors that support the move of the Schedonorus subgenus into the Lolium
genus includes the ability of the plants to hybridize among themselves. The plants can
hybridize and breed with plants of the Lolium genus, whereas they cannot with the plant
species of the Festuca genus. This was important because it showed that the
Schedonorus plants were more closely related to the Lolium genus, and thus more
appropriately categorized there (Craven et al., 2009).
Species native to Europe and North Africa have been identified as being able to
produce viable offspring, even as hybrids with different ploidy levels. It is unknown how
they have produced offspring many years ago as the crosses being produced in
laboratories are actually some of the newly identified species. It is thought that their
habitats once overlapped before the desertification of northern Africa. In other words, it
makes sense that the diploids could have made the first few tetraploids, octaploids, etc
(Craven et al., 2009).
3
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B.

Figure 1.3 A. Identifying features of the fescue plant: glumes. Glumes are the two lowest
bracts found on a seedhead, sitting below the flowering part of the plant (Marlow, 2017).
B. Identifying features of the fescue plant: auricles. Auricles are appendages projecting
from each side of the collar found on turf grass leaves. Auricles can be long and slender
(a), short and blunt (b), or nonexistent (c) (Turgeon and Giles, 2017).
Species native to Europe and North Africa have been identified as being able to
produce viable offspring, even as hybrids with different ploidy levels. It is unknown how
they have produced offspring many years ago as the crosses being produced in
laboratories are actually some of the newly identified species. It is thought that their
habitats once overlapped before the desertification of northern Africa. In other words, it
makes sense that the diploids could have made the first few tetraploids, octaploids, etc
(Craven et al., 2009).
Many populations have variations of endophyte species, including fungal
endophyte Epichloё coenophiala. The endophyte is found within the spaces between
cells, within the plant. The endophyte has not been found in other species in the North
African range to date, but research is ongoing to determine if the endophyte can grow
in one of the new hybrids previously mentioned (Craven et al., 2009).
1.3 Benefits as a Pasture Grass
The Epichloё coenophiala endophyte enables fescue to have a higher
tolerance in high-stress environments. Fescue grows in high and low temperature
regions, on steep slopes, in high foot traffic areas, with low or high water content in
the soil, can be grazed very low to the ground, and be found in either direct sunlight
or shady areas with no direct sunlight. Fescue is one of the most versatile coolseason plants available for pastures. These defenses have caused Kentucky 31 tall
fescue to be the only grass that can successfully be pest and drought resistant, grow
vigorously, and become tolerant of many soil variations and fluctuations over time
under the changing conditions (Lea, 2014). This relationship has one underlying
factor, however: alkaloids.
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1.4 Tall Fescue Associated Alkaloids
This particular host-endophyte combination produces several different types
of alkaloids: peramine, ergot, and loline (Figure 1.4). Perloline, another alkaloid, is
directly produced by the plant. However, the interaction of the grass-endophyte
symbiotum results in peramine, ergot and loline alkaloids (Bush and Fannin, 2009a).

Figure 1.4 Molecular ring structures of the ergot alkaloids. Left to Right:
perloline, peramine, loline and ergot alkaloids (Bush and Fannin, 2009b: Forage
Information System, 2017).
These alkaloids are based on an ergoline ring structure or a biosynthetic
precursor. The alkaloids produced include lysergic acid and derivatives, clavines, and
ergopeptines. These alkaloids all contain proline in position 3, an amino acid, and only
differ in the amino acids in positions 1 and 2 (Bush and Fannin, 2009a).
Of the alkaloid groups produced from the fescue-endophyte symbiotum, the
ergopeptine alkaloids are most commonly associated with fescue toxicosis. Five
ergopeptine alkaloids have been reported within endophyte positive pastures:
ergovaline, ergosine, ergonine, ergoptine, and ergocornine. Ergovaline accounts for
84 to 97% of the measured alkaloids within tall fescue (Bush and Fannin, 2009a).
Ergovaline is associated with vasoconstrictive effects in livestock.
Distribution within the Plant
The Epichloё coenophiala endophyte has elongated hyphal filaments that are
used to absorb nutrients directly from the host plant through the hyphal cell wall.
The hyphae are compartmentalized via septa, but still connected via pores in the
septa. These hypha grow within intracellular spaces as if it were plant tissue,
providing a protective chemical capability that the plant lacks (Christenson and
Voisey, 2009).
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Ergovaline is concentrated at the base of the plant until mid-spring. Once the
onset of rapid growth occurs in mid-to late-spring, ergovaline is predominantly
found in the seed heads and seeds of infected plants (Greene et al., 2013). Epichloё
endophytes are transmitted vertically through seed, nearly 100% effective in most
natural grass Epichloё associations. Novel associations may be established by
inserting endophyte into seedlings.
Hyphae are carried in the developing seed head as it emerges and matures;
they are present in the embryo at the time of seed maturation. The hyphae are
transmitted maternally in host seed, colonizing ovaries as they develop early in
embryo development (Christenson and Voisey, 2009). Thereafter, the endophyte
is present in the embryonic axis, the scutellum, and the shoot apical meristem of
the newly sprouted seed (Christenson and Voisey, 2009).
Once the fescue plant is fully grown, ergovaline concentrations are highest
within the seed heads. Rottinghaus et al. (1991) reported almost 5.0 mg/kg
ergovaline in seed heads, higher than in stems and leaves which had 0.5 mg/kg
ergovaline. Higher concentrations of ergovaline are found within the leaf sheaths
than in the leaf blades, suggesting a limited translocation from the site of synthesis to
the leaf blade (Lyons et al., 1986). Hyphae growth is a coordinated process, where
cell division at the hyphal tip occurs at a rate identical to the elongation of leaf cells
(Schmid and Christenson, 1999). As leaves elongate they may exceed the ability of
hyphae to grow as rapidly, thus not growing into the leaves. This results in a pattern
of endophyte abundance at the plant base, decreasing toward the leaf tip. In tall
fescue, the concentration of ergovaline is greatest to least from the seed, crown,
stems, leaves, and roots (Rottinghaus et al., 1991; Azvedo and Welty, 1995). Other
factors that affect ergovaline content are nutrition, mowing, water stress (drought),
growth temperature, and utilization.
Seasonal Distribution
The tall fescue belt is located in the southeastern United States, east of the
Mississippi river and south of the Ohio river. Tall fescue grows predominantly in
this region, and can be found growing in every state. The climate is influenced by
the change of seasons, with hot, humid summers, and cold, wet winters. The spring
and fall both fluctuate in temperatures from freezing to 70s, and high rainfall. In the
northern portion of the tall fescue belt, specifically in Kentucky, accumulation of
ergovaline generally has two high and two low time frames. The lows are during
winter (December - January) and the hottest part of summer (July-August). The two
peaks are during spring (mid-May) near the time of seed fill, and fall (October) when
the weather starts to cool (Rottinghaus et al., 1991). Alkaloids are concentrated in
tall fescue seed heads, therefore these peak times of grazing can be extremely
dangerous and toxic to grazing livestock.
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1.5 Receptors and Binding
Mammalian biogenic amines include epinephrine, norepinephrine, dopamine,
histamine, and serotonin (Figure 1.5). The endophyte-produced alkaloids found in the
tall fescue plants are problematic to grazing animals because of the similar molecular
ring structure of the compounds when compared to biogenic amines (Figure 1.6). These
amines are derived from amino acids. Of the mammalian biogenic amines, which are
also neurotransmitters, three are catecholamines, derived specifically from amino acid
tyrosine. The three catecholamines are epinephrine, norepinephrine, and dopamine.

Figure 1.5. Molecular ring structures of mammalian biogenic amines Mammalian
biogenic amines include serotonin, dopamine, histamine, norepinephrine and
epinephrine. These molecules all have the same basic ergoline ring structure
(BiochemPages, 2016).

Figure 1.6. Comparison of ergoline ring system (A) and mammalian biogenic
amines (B). The ergoline ring has a basic similar structure to mammalian biogenic
amines norepinephrine, dopamine and serotonin (U.S. Department, 2015).
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The catecholamine dopamine binds to specific receptors including alphaadrenergic receptors, 5 hydroxytryptamine receptors (5 HT receptors), and dopamine
type-2 (D2) dopaminergic receptors (Porter and Thompson, 1992). The structural
similarities between the ergolines and biogenic amines mean they can bind to the
same receptors (Porter and Thompson, 1992). As a result, endocrine responses,
including decreased circulating prolactin, are observed in the horse.
When horses are grazing endophyte infected fescue, they consume the
associated toxic alkaloids. Ergovaline, the most abundant of these alkaloids, once
in the bloodstream can bind to the biogenic amine receptors on the pituitary.
Ergovaline has an affinity to D2 dopamine receptors, alpha-adrenoreceptors, and
several subtypes of 5HT receptors (Pertz and Eich, 1999). Ergovaline has been
shown to activate 5-HT receptors, inducing constriction of blood vessels and
reducing blood flow (Dyer, 1993). Later, Schoning et al. (2001) confirmed these
interactions of ergovaline with 5-HT and alpha-adrenoreceptors. Changes in blood
flow can be traced back to ergovaline as a causal agent.
Strickland et al. (1994) found ergovaline blocked the release of prolactin
(PRL) by cultured pituitary cells. He reported that ergovaline was a D2 dopamine
receptor agonist in rat pituitary cells, and Domperidone, a D2 dopamine receptor
antagonist, thus prevented the PRL-lowering effects of the circulating ergovaline in
cells. This showed the effects of ergovaline on milk production and agalactia, which
could be explained by their effect on D2 dopamine receptors (Strickland et al., 1994).
The lactotrophs on the anterior pituitary secrete prolactin into the circulatory
system of the mare. Strickland et al. (1992) reported the hypothalamus secretes
dopamine as a tonic inhibitor of prolactin. Dopamine travels from the
hypothalamus via the hypothalamic-hypophysial portal system to the anterior
pituitary. The anterior pituitary lactotrophs have dopamine D2 receptors, resulting
in immediate prolactin inhibition (Strickland et al., 1992).

1.6 Effects of KY31 on Prolactin, Progesterone, Estradiol
Concentrations in Mares
Prolactin
Limited study has been done to see the full effects of circulating serum prolactin,
but concentrations of 1.2 to 12 ng/ml serum prolactin were detected during the last
several weeks of pregnancy via homologous radioimmunoassay for equine prolactin
(Ginther, 1992, p.432). Findings concluded the mean prolactin concentration circulating
during days 14 to 80 of pregnancy as 4.6 to 0.1 ng/ml (Ginther, 1992, p.432).
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In other studies of pregnant mares during the periparturient period, findings
showed prolactin concentrations rose during the last week of pregnancy and remained at
these concentrations for up to two months after parturition. After a few months, the
levels decreased to the basal circulation levels (Worthy et al., 1986). Another horse
study by Ireland et al. (1991) showed prolactin concentrations were lower in the morning
compared to the evening. In the same study, however, short-term elevation of serum
prolactin did not alter ovarian function.
The same study raised important questions about the true role of prolactin in late
pregnancy, except with Bromocriptine. Bromocriptine is a dopamine agonist that has
been used to reduce both prolactin and progesterone concentrations in late pregnancy
(Ireland et al., 1991). In another study with pregnant mares, it was concluded prolactin
most likely affected the development of mammary glands and milk secretion (Worthy et
al., 1986).
When studying prolactin, King et al. (2010) used immunocytochemical
techniques and determined prolactin was localized in antral follicles, the ovulation fossa,
and present corpus luteum of the equine ovary. Prolactin was also determined to be
present in pre-prolactin cDNA in samples of luteal and follicular tissues.
Equine prolactin is a 199 amino acid hormone that differs from other species
prolactin by a single additional amino acid. This hormone difference has four halfcystine residues, compared to other species with six residues. The amino acid also lacks
an ܰܪଶ terminal disulfide loop, necessary for binding to other molecules (Li and Chung,
1983).
Prolactin in horses is responsible for several biological functions including
mammary development and lactation prior to, during, and post parturition. Prolactin is
important for shedding of the winter coat in spring, and growing the winter coat in the
fall and early winter. Prolactin is associated with vernal recrudescence; awakening mares
ovaries from an anestrous state all winter to transitioning and ovulating normally for
spring and the breeding season (King et al., 2008).
Nonpregnant mares at rest, or a lack of increased heart rate, are known to have
constant concentrations of prolactin over time, except for occasional pulses/episodes on
basal concentration values. Thompson et al. (1994) measured prolactin every 15 minutes
from plasma samples, and concluded that there were between zero and three peaks/surges
of prolactin during an eight hour period for nonpregnant mares housed indoors. In
contrast, Nett et al. (1975) studied pregnant mares and found prolactin concentrations
were variable with no clear pattern of fluctuation. Worthy et al. (1987) also described
prolactin levels in pregnant mares as irregular and high compared to nonpregnant mares.
In lactating mares Cahill et al. (1994) described prolactin concentrations fluctuating in
long episodic bursts throughout the cycle. King et al. (2009) reported a periovulatory
prolactin surge was superimposed on baseline prolactin that fluctuated through the
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seasons. The peak prolactin concentrations were variable between mares and by season,
but baseline prolactin was highest in June and July than during the fall.
Prolactin plasma concentrations were also reported by Johnson (1986) to be
influenced by the change of seasons. Prolactin serum concentrations recorded were
highest in the summer, compared with the lowest amount of prolactin serum
concentrations in winter (Johnson, 1986). In addition to the change of seasons, King et
al. (2009) reported that stresses such as stall confinement and trailer transport can also
influence plasma prolactin concentrations. For 60 and 30 minutes respectively, the
prolactin plasma concentrations increased considerably. Thompson et al. (1994) reported
that prolactin serum concentrations can be influenced by exercise or, if a stallion, the
presence of a mare. When tested in June, mares had a very rapid response to exercise,
with maximum concentrations occurring within 10 minutes of higher activity (Thompson
et al., 1994).
Worthy et al. (1986) measured prolactin serum concentrations in five pregnant
mares during the periparturient period. Concentrations rose markedly during the last
week of pregnancy and stayed elevated until up to two months after parturition, where
levels started to decline back to basal levels. This study presumed the role of prolactin
was mammary development and lactation.
The endocrine hallmark of fescue toxicosis in horses is the decreased circulating
serum concentrations of prolactin. Cross et al. (1995) summarized literature of his time,
explaining tall fescue and specific ergovaline and their effects on the dopaminergic
reactions and functions of the pregnant and nonpregnant mare. Ergovaline produced by
the fescue endophyte mimics dopaminergic activity, and by binding to the same D2
receptors, inhibit prolactin. Cross concluded that grazing mares had minimized effects of
ergovaline if they are given a small dose of domperidone, which counteracted the effects
of ergovaline.
According to Thompson and Oberhaus’ review, prolactin in the mare has been
studied for almost 40 years and factors affecting the secretion are widely known and
studied. In comparison, the physiological functions of prolactin are not very well
understood. Further research is needed to understand influences of stress, meals,
exercise, and the spring solstice have on the secretion of prolactin (Thompson and
Oberhaus, 2015).
Progesterone
Progesterone can be measured circulating in the blood, and has been found to
increase immediately after ovulation (Plotka et al., 1975). Progesterone is the main
steroidal product of the corpus luteum of the estrus cycle (Ginther, 1992, p.237). There
was no obvious difference in concentrations between breeds; mares have a small range in
the amounts of required circulatory progesterone measured during diestrous and
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pregnancy. According to Ginther, a review of many reports and documentations all
supported a general curve description of progesterone.
In a study by Townson et al. (1989) with 12 pony mares, samples were taken at 30
minute intervals, and monitored continuously based on the time of follicular evacuation.
These 30 minute samples extended from three hours prior to two hours post the follicular
evacuation. Following samples were taken at 5, 8, 12, and then every 12 hours,
respectively. Of the 12 mares, nine had increased progesterone between eight and 12
hours, two mares had increased concentrations between 12 and 24 hours, and the last
mare did not show any increase in concentrations until between 24 and 36 hours. When
all the mares were averaged together, the first significant increase in concentration levels
occurred between 12 and 24 hours post follicular evacuation (Townson et al., 1989).
As for month to month and season to season, a study of progesterone showed
serum concentration levels increasing significantly from April to September in mares
during the luteal phase (Okolski and Bielanski, 1980). In contrast, a study of 20 light
mares showed a decline of progesterone from cycle to cycle during the ovulatory season.
Of these, 14 entered an anovulatory state, and six did not become anovulatory the
following winter, rather held a consistent level of diestrous progesterone (Kenney and
Doig, 1986).
Progesterone is also known to have pulsatile effects, with peaks in mares at days 5
to 6 and again at days 8 to 10, but not consistently. In addition, one study (Van Neikerk
and van Heerden, 1972) concluded progesterone concentrations were as much as 3 ng/ml
higher in the morning than evening samples. In contrast, when studying progesterone
concentrations over a 48 hour period, the concentrations varied (Cockrill and Allen,
1978). This same study also contradicts the previous study with results concluding
progesterone concentrations were higher in the afternoon than in the morning.
In pregnant mares, progesterone is only found in peripheral circulation during the
first trimester (Ousey, 2006). During mid-gestation progesterone is hard to detect at only
1 ng/ml. In late gestation, however, concentrations of progesterone increase in the
umbilical tissue region, and are significantly greater than in maternal uterine
concentrations (Ousey, 2006). The placenta converts pregnenolone into progesterone,
and some of this is excreted into the maternal uterine circulation. Most of the
progesterone stays within the uterine placental tissues. Ousey (2006) also reported these
concentrations peak a few days prior to parturition, and begin to decline just a day or
several hours immediately prior to parturition.
Unlike prolactin, progesterone is necessary for establishment and maintenance of
pregnancy in horses. In cattle, however, serum progesterone levels have been reported
by Monroe et al. (1988) to be reduced while grazing endophyte-infected fescue. Jones et
al. (2003) determined that ergovaline causes vasoconstriction of blood vessels. Jones
also suggested that local vasoconstriction of blood flow to the ovary and/or corpus
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luteum was likely responsible for the inhibited progesterone in the systemic circulation.
This hypothesis was later supported by Aiken et al. (2007) who used Doppler
ultrasonography techniques to measure the vasoconstrictive effects of ergovaline.
Estradiol
Mares differ from most mammals regarding estrogen production during
pregnancy. Estrogen serum concentrations increases prior to parturition, and returns to
baseline after parturition (Ginther, 1992, p.468). Estrogens are also produced by the fetoplacental unit, originating from fetal gonads. For example, estradiol is produced from
dehydroepiandrosterone, a steroid hormone, whereas equiline is produced via farnesyl
pyrophosphate, a steroid intermediate (Ousey, 2006). Estrogens are important for
myometrial contractions during labor, and a decrease prior to parturition can be
problematic during parturition. However, as the estrogens in the maternal blood
decrease, the estrogens in the fetal gonads increase, which transfer to the placenta and
myometrial membranes, to induce uterine contractions (Pashen, 1984).
As estrogens decrease in the maternal blood during the last days of gestation,
uterine electromyographic concentrations increase nocturnally within the uterineplacental
tissues (O'Donnell et al., 2003). Estradiol-17β increases with activity, also increasing
during the days leading up to parturition. Even though total maternal peripheral estrogen
concentrations are low at time of parturition, Oestradiol-17β may act locally within the
uterine-placental tissues to promote release of other hormones, stimulating the onset of
myometrial contractions, notably at night when most mares foal (O'Donnell et al., 2003).
Mares grazing endophyte infected pastures have been reported as having higher
serum estradiol levels than mares grazing endophyte-free pastures (Cross et al., 1997).
The elevated estradiol levels prolonged parturition as a result of the estradiol:
progesterone ratio taking longer to flip immediately prior to the onset on parturition.
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1.7 Effects of KY31 on Nonpregnant Mares
Vasoconstriction
The higher concentrations of ergovaline the horse consumes, the more
evidence they show of vasoconstriction. Vasoconstriction is the constriction of blood
vessels throughout the body, specifically in the extremities. Figure 1.7 shows a
comparison between vasoconstriction and a normal sized artery in the same horse.

Figure 1.7. Ultrasonic images of vasoconstriction within the same horse. In box A is an
ultrasonic image of a cross-section of a horses palmer artery with no vasoconstriction,
i.e., normal. In box B, is an identical image, except the horse has been consuming
endophyte-infected fescue seed and is showing extreme vasoconstriction as a result. In
box C is the same horse as A and B. Image C is taken several minutes after image B, but
is still noticeably smaller than image A. Image provided by McDowell et al. (2013).
Growth and Development
Aiken et al. (1993) reported average daily gains were lower (P < 0.01) for
yearling horses on high-infection fescue than for yearlings on low-infection fescue. High
forage availabilities from low grazing pressure and high rainfall caused forage
availability to be high. The study suggested that diets composed solely of high-quality
fescue forage can provide acceptable weight gains by yearling horses, if used with
enough dilution. In comparison, McCann et al. (1993) reported no reduction in growth
rates of yearling horses. However, the horses were fed a corn-based concentrate
supplementation to the endophyte-infected (E+) or endophyte-free (E-) hay. Pendergraft
and Arns (1993) had similar observations during their yearling study, involving E+ or Ehay and corn-based concentrate supplementation. These results suggest the effects of E+
fescue on growth rate may be mitigated with the supplementation of concentrates in the
diet.

13

1.8 Effects of KY31 on Pregnant Mares
Clinical signs of mares actively grazing E+ pastures have been reported as
reduced fertility, decreased number in per-cycle pregnancies, an increase in
embryonic mortality rates, and altered hormone concentrations (Strickland et al.,
2011; McDowell, 2015). In addition, Monroe et al. (1988) reported that pregnant
mares exhibited prolonged gestation, increased rates of dystocia, retained and
thickened placentas, and poor milk production. The foals that were delivered
tended to be large and immature looking. In another study, deaths of the foal and
mare during delivery was common (Cross et al., 1995).
Hormones: Prolactin, Progesterone, and Estradiol
As discussed previously, prolactin, progesterone, and estradiol
concentrations are all affected by the amount of alkaloids being consumed.
Prolactin affects physiological functions both in pregnant and nonpregnant mares.
Most commonly in pregnant mares, prolactin influences regulation of lactogenesis
and synthesis of surfactant by the fetal lungs. Prolactin is also a factor in hair
growth and shedding, steroidogenesis, and even libido (McDowell, 2015).
Gestation Length
Mares have an average gestation of 330 days. As gestation reaches full
term, the progestin to estrogen ratio reverses. During the last 60 days, the
progestins increase and estrogens decrease. During the last 24 to 48 hours of
gestation, the ratio reverses again, with progestins decreasing and estrogens
increasing (Ginther, 1992, p.468).
According to Ginther (1992, p.329), means of 322 to 345 days have been
reported for various breeds’ gestation length, with day zero being last day of service.
Some studies suggest environmental factors have an effect on the length of
gestation. According to Hines et al. (1987), feeding mares to obesity during
gestation did not significantly affect the length of gestation, but thin mares had an
average of a nine day longer gestation. During a study on Arabian mares in Egypt,
El-Wishy et al. (1990) found gestation length was altered by the month of foaling:
winter foaling mares had longer gestations compared with spring foaling mares.
This same study reported that mares can make “limited adjustments in gestation
length such that foals tend to be born in the spring.”
Compared to a normal length gestation, prolonged gestation has only been
infrequently reported in about 1% of mares (Vandeplassche, 1980; Vandeplassche,
1986). It was reported by Vandeplassche that prolonged gestation in mares was
approximately 370 to 387 days. In comparison, short gestations were considered
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when foals were born two or more weeks prior to 340 days, at which point they were
considered premature (McGee, 1972).
Mares grazing E+ are affected by ergovaline in a variety of ways. During the
last 60 days of gestation, the normal change of progestins and estrogens are not
present (Ginther, 1992, p.468). These mares have lower concentrations of relaxin, a
placental hormone, than normal. This hormone loosens and relaxes the pelvic
ligaments in preparation for parturition (Ginther, 1992, p.432).
Other effects on the E+ mares are less well-documented and understood
(Strickland et al., 2011). The alkaloids affect the maturation of the hypothalamuspituitary-adrenal axis, and the fetus’ ability to produce cortisol and thyroid hormone.
It is unknown, but also possible that, without prolactin, parturition will be pushed
back. Steroid synthesis for feto-placental metabolism needs prolactin: prolactin
helps in maturation of the fetal hypothalamic-pituitary-gonadal axis.
Without true maturation of the axis, the fetus is not able to initiate
parturition when it is ready, which can result in extended gestation of two to four or
more weeks. Prolonged gestation usually causes foals to have larger than usual
skeletal frames, increasing the difficulty of being expelled during parturition. In
addition, foals are often rotated 90-180° from the normal position for delivery,
proving to be even more difficult for the mare (Monroe et al., 1988). It was also
observed that mares grazing E+ fescue had a very high percentage of still-born
foals. Putnam et al. (1991) reported that of 11 mares grazing E+ fescue, only three
foals were alive at birth. Of the three only one lived through the first month. In that
study in particular, neonatal death or dysmaturity was not observed in 11 mares
grazing E- fescue.
Normal Hypothalamus Pituitary Adrenal (HPA) Axis
Silver and Fowden (1994) used fetal catheterizations to study fetal
adrenocorticotropic hormone (ACTH) and cortisol toward the end of gestation.
Trials and experiments using the catheterization method have proved that a
distinguishing feature of the equine fetus HPA is an increase in fetal ACTH and
cortisol toward the end of gestation. Low levels of plasma cortisol are maintained
until approximately one to three days prior to parturition (Silver and Fowden, 1994).
Maturation of the adrenocortical complex occurs during the last several days
of gestation, resulting in the late increase in fetal cortisol. According to Rossdale et
al. (1982), fetal adrenal responsiveness develops completely very late in gestation.
In addition, maturation of the fetal adrenal cortex is responsible for a portion of the
developmental increase in fetal plasma cortisol concentrations (Wood and Cudd,
1997).
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Successful parturition in any species occurs only after the fetus is sufficiently
mature to survive on its own. If the foal is premature there is a risk it may be
nonviable. This extremely narrow and important window for full viability has been
related to the late activation of the HPA axis. Foals who are born just a few days
early may end up missing the final rise in fetal cortisol critical for final prepartum
maturation. Rossdale et al. (1982) found that behaviors and abnormalities of
premature foals typically are related to inadequate secretion of cortisol.
According to Wood and Cudd (1997), the HPA axis of the foal is
responsible for metabolic and cardiovascular homeostasis, as well as coordination
of fetal visceral development. In comparison, the adult HPA axis is responsible for
maintenance of plasma concentrations of adrenal glucocorticoids. The HPA is also
a major stimulant of stress in the body; both physiological and psychological stress
stimulate the production of adrenal glucocorticoids and ACTH. The true role of
this endocrine axis in horses is not yet proven, but the similarities between horses,
sheep and humans are close enough to be compared (Wood and Cudd, 1997).
Placental Thickness
One of the most frequent signs of fescue toxicosis in pregnant mares is the
thickened placenta. Placentas are generally reddish in color, and have an increased rate
of being retained. Frequently the fetus is presented normally at birth, but encased in a
thickened chorioallantois, which is too thick for a newborn foal to break through. Unless
there is an attendant present to aid the foal, it may suffocate immediately. Taylor et al.
(1985) reported thicker and heavier placentas from many mares grazing E + seed diets
compared among mares on E- seed diets. These placentas of mares consuming E+ also
contained higher collagen, DNA, and RNA contents compared to the placentas of mares
consuming E- placentas.
Red Bag
Thickened portions of the placenta are known to separate from the uterus
prematurely during the last trimester of pregnancy in mares on E+ fescue. This
condition is referred to as red-bag (Cross, 2009). The placenta is made of two
major parts: the “red bag” is the chorioallantois, and the “white bag” is the amnion.
The chorioallantois attaches to the uterine wall and umbilical cord. This serves for
nutrient exchange and waste expulsion. The amnion immediately surrounds the
fetus, also connecting to the umbilical cord, and serves as protection and lubrication
(Ginther, 1992, p.377). The fetus is within the amnion, the amnion lies within the
chorioallantois.
During a normal parturition the chorioallantois breaks just prior to entering
the birth canal at the cervical star. The amnion with fetus is expelled first. The
chorioallantois follows afterwards, sometimes taking several hours. The
chorioallantois is usually white in color, fairly thin, and breaks easily. During a
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“red bag” delivery, however, the chorioallantois detaches prematurely from the
uterus, reducing and/or eliminating exchange of nutrients to the fetus, still inside
the mare. When the premature separation occurs, the chorioallantois is expelled
first, appearing red and velvety. The red appearing first is where the term “red bag’
originated. Inside the red bag is the white amnion, enclosing the fetus. If the bags
are not removed immediately from the head and mouth area of the fetus, it may
suffer from oxygen deprivation or suffocation. Thickened placentas can be harder
to tear. Instead of tearing before entering the birth canal, the entire layer can
separate and be expelled (Ginther, 1992, p.378).
Agalactia
One of the documented effects of fescue toxicosis in mares is agalactia. Agalactia
can be defined as the failure of milk let down, or the failure to produce milk immediately
prior to parturition, even afterwards with the presence of the foal. Lactogenesis in the
mare is strongly influenced by prolactin (McDowell et al., 2013). Mares do not have
placental lactogens, so lactogenesis relies on prolactin. As the mare grazes E+ fescue,
ergovaline binds to D2 receptors, resulting in decreased prolactin concentrations and thus
minimal to no lactation (McDowell et al., 2013). Monroe et al. (1988) reported that 88%
of mares were agalactic when maintained on E+ tall fescue prior to foaling.
Horses and rabbits rely on prolactin to stimulate prepartum lactogenesis. When
prolactin is suppressed via ergovaline, then the prepartum lactogenesis does not become
activated, resulting in agalactia (Forsyth, 1986). No or decreased milk production is
potentially lethal to the foal, it is crucial to obtain passive immunity from the mothers
colostrum. If the foal cannot get the nutrients it needs to protect itself from diseases and
other infections, it will encounter health issues or even death early on (Hestad, 2012).
1.9 Effects of KY31 on Ruminants
Average Daily Gain
Parish et al., (2003) reported steers grazing endophyte-infected (E+) tall fescue
had an average daily gain from 0.20 to 0.62 kg/d, substantially less when compared to
endophyte-free (E-) or novel nontoxic endophyte fescues. Porter and Thompson (1992)
looked at sheep and concluded that feed intake and growth did not appear to be as
affected when compared to the other species. Bond et al., (1988) reported in three out of
four studies ewe productivity was not different from E- to E+ grazing fields in comparing
average daily gain, gestation length, average number of lambs born, lamb birth weight,
lamb survival rates, and lamb average daily gain to weaning. Comparing these results to
horses, Aiken et al., (1993) reported that average daily gain of yearling geldings was less
(P < 0.01) on high E+ fescue than it was on low E+ fescue. These data show that each
species responds differently in susceptibility; however the exact cause of these
differences remains unknown.
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Reproductive Effects
Ruminants grazing E+ fescue typically have reduced pregnancy rates and thus
reduced reproductive efficiency. When compared to monogastrics and hindgut
fermenters, ruminants tend to not have as severe reproductive maladies (Strickland et
al., 1993). Oliver (1997) attempted to stop the toxicosis with use of a biogenic
amine receptor antagonist, domperidone, with varying success. In comparison,
Cross et al., (1995) concluded removing the cattle from toxic pasture 30 days before
expected due date had some success.
Hurley et al. (1980) was the first researcher to associate the presence of toxins
in tall fescue with the inhibition of prolactin secretion. Since then, nearly all
investigators studying E+ tall fescue have reported decreased serum prolactin
concentrations. In a study by Smith et al., (1975) both cows and calves grazing E+
fescue had reduced serum prolactin concentrations. Other effects ruminants suffer as
a result from E+ fescue include decreased serum progesterone concentrations, shorter
estrous cycle lengths, and decreased mid-cycle progesterone concentrations when
compared to the E- groups. The reduced serum progesterone concentrations may be
a result of age in both cows and ewes, but there are not enough consistent data to
prove it (Smith et al., 1975). When comparing cows to heifers, it was the heifers
who had the shorter estrous cycle lengths on average when E+ fescue pasture groups
were compared to E- fescue (Smith et al., 1975).
Bond et al., (1988) and Waller et al., (2001) reported lower birth weights for
calves born to first-calf heifers on E+ fescue when compared to heifers on E- fescue.
Porter and Thompson, (1992) reported ergovaline may have been at fault for the lower
birth weights and reduced uterine blood flow.
Unlike horses, cattle and sheep have both placental lactogens and prolactin
(Forsyth, 1986). The effects of ergot alkaloids cause prolactin levels to decrease,
however placental lactogens seem to not be affected by the presence of the alkaloids.
In these species the small concentration of pituitary prolactin is enough to initiate
prepartum lactogenesis, and thus lactation, immediately following parturition.
Instead of agalactia they may only have decreased milk production upon parturition
(Forsyth, 1986).
Burke et al. (2001) completed a study that compared pregnancy rates and
embryonic losses between cattle grazing E- pastures and E+ pastures. After
environmental temperatures were high for a three week period, measurements were
reported to be different between cows at 30 days and cows at 60 days of gestation.
Waller et al. (2001) used 30-45 day pregnant beef heifers grazing either E- or E+
fescue until full term in October, where number of calves born were not different
between the two groups. Together they concluded that reproductive inhibition
during pregnancy and conception were occurring before the first 30 days of
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gestation. Schuenemann et al. (2005) implanted seven day embryos into two
groups, a control group of heifers, and an ergotamine tartrate fed group of heifers
for 30 days. Survival rates of embryos for both groups were the same, indicating
that loss in pregnancy was during the first seven days following conception, if
conception was successful. As a result, the period of concern for producers is no
longer the entire nine month gestation, rather between the release of the mature
follicle through day six of embryo development.
Compared to cattle, ewes experienced problems such as delayed onset of estrus
and increased embryonic mortality. The E+ fescue also resulted in oocyte fertilization
failure, failing to conceive (Bond et al., 1988). Burke et al. (2001) reported yearling
cross-bred ewes had more reproductive problems than mature ewes. They both
recommended providing ewes an E- fescue pasture or novel endophyte pastures when
breeding yearling ewes.
Summer Slump
Clinical signs of summer slump in cattle include decreased weight gain, increased
vasoconstriction, elevated body temperature, increased respiratory rates, reduced milk
production, a rough hair coat, and excessive salivation (Strickland et al., 2011).
Behaviorally effected animals would often form groups around water troughs and in
shaded areas, spending less time grazing than their unaffected herd mates (Schmidt and
Osborn, 1993; Strickland et al., 1993; Oliver, 1997, 2005). Affected animals also had
labored respiration with open mouths and rapid breathing (Strickland et al., 2011). As
ambient temperatures start to increase, a normal body reaction is for the veins and
arteries to expand to aid in dissipating heat from the body. As the vasoconstrictive
effects of ergot alkaloids keep the veins and arteries from expanding, the animal would
start to overheat and show signs of distress (Strickland et al., 2011).
Excessive salivation has been documented during the day. Some animals will
have very rough looking hair coats, from a failure to shed out the winter coat
completely. Sometimes the opposite will occur and the animals will grow extra, very
rough and dull hair, causing body temperatures to increase even more. As
vasoconstriction starts to control the animals’ behavior, other effects start to surface:
blood flow is decreased throughout the body, including to all of the bodily systems,
decreasing prolactin levels and ultimately decreasing conception rates. If cows do
breed back, it usually took longer to breed (Strickland et al., 2011). The resulting
calves were born of lighter weights and resulted in lighter weights at weaning.
Simply removing the animals from the E+ pastures may not have been enough, as
studies found it may take up to seven weeks from removal of the animal from
infected pasture to return to their original state. If animals had access to seed heads,
they could show more severe signs, or even death (Strickland et al., 2011).
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Lipomatosis
Lipomatosis is also known as fat necrosis in cattle. This is characterized
by reduced body weight gain during summer and the formation of necrotic fat.
There are no external signs of fat necrosis except for poor thrift in cases where
necrotic fat is constricting internal organs (Strickland et al., 1993). It has been
recorded that this fat has blocked birth canals, and masses in the abdomen have
caused intestinal blockages, found during necropsy or rectal palpation (Aiken et
al., 2007). Stuedmann et al. (1985) reported an association with cattle grazing E+
fescue that had been previously fertilized with high nitrogen levels. In addition to
cattle, lipomatosis from tall fescue was reported in deer (Wolfe et al., 1998) and
pygmy goats (Smith et al., 2004).
Fescue Foot
Fescue foot is similar to the summer slump, but is more common in the colder
months of winter. Symptoms of fescue foot include, but are not limited to, lameness,
tenderness/swelling around the fetlock, and potential sloughing of the hooves, ear tips,
potential dry gangrene (tissue necrosis) and even loss of the tail head (Cunningham,
1948). Jensen et al. (1956) reported cattle becoming lame within 18 days after grazing
E+ fescue. In comparison, Jacobson et al. (1970) reported gangrene as early as 25
days after the start of E+ fescue grazing. In the most advanced cases hooves of
infected animals have been reported to slough off (Cunningham, 1948).
Unlike the effects of summer slump and overheating, these effects are a result
of the body not maintaining a warm enough temperature. Just as in the warmer
months, vasoconstrictive effects do not allow the veins and arteries to expand and
allow enough blood flow/warmth to the extremities of these species (Aiken et al.,
2007). Clinical signs are manifestations of the ergovaline on blood vessels, damaging
vessel-lining cells, causing enhanced blood clotting and vasoconstriction (TorAgbidye et al., 2001), and ultimately resulting in lack of blood flow (Strickland et al.,
1993; Oliver, 1997, 2005). Vasoconstriction affects the hind limbs first, ultimately
ending in necrosis of the hooves (Aiken et al., 2007). However, vasoconstriction also
causes loss of ear tips, tail, or other extremities while grazing E+ fescue (Garner and
Cornell, 1978).
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1.10 Managing Fescue Pastures to Minimize Risk
For mares that are pregnant and actively grazing endophyte-infected (E+) fescue,
it is strongly recommended to remove mares from these fields between 30 and 90 days
prior to parturition, if possible. If this is not possible, mares respond well to a
dopaminergic D2 receptor antagonist, which can prevent ergovaline from binding to the
receptors needed by prolactin. An example of such an antagonist is Domperidone
(McDowell, 2015).
Other techniques that help with management of pastures and problematic seed
heads include regular mowing (clipping seed heads prior to grazing), increasing
biodiversity of plants in a pasture, gathering a stockpile of forage for winter grazing, or
using herbicides to suppress seed heads. One such herbicide is Chaparral, primarily used
to suppress seed-head development of tall fescue in pastures (Goff, 2013). If used timely
during the spring months, compared to fall, Chaparral will inhibit reproductive stages of
fescue growth the most, keeping the plant in the vegetative state for the remainder of the
season (Goff, 2013).
Ultimately, the easiest way to maintain low ergovaline concentrations in a tall
fescue pasture being actively grazed by cattle or other livestock is to mow or spray
herbicides. The highest concentrations of ergovaline are found in seed heads, so keeping
fields mowed and free of seed heads is vital (Aiken et al., 2007). Herbicide should be
sprayed in late April to early May of the year for maximum results, with accompaniment
of a rotational grazing plan so animals are not grazing actively sprayed fields (Aiken et
al., 2007). If herbicides, mowing, or rotational grazing are not feasible options, then the
best long term option is to reseed the field in an endophyte-free (E-) variety, or a novel
endophyte variety that does not produce the harmful alkaloids. This includes ryegrass,
sudangrass, alfalfa, sorghum x sudangrass hybrids, teff, and pearl millet.
Tall fescue’s fitness is an agronomic gain from the symbiotic relationship it has
with the endophyte. When the endophyte is removed, the plant is not as durable under
grazing pressure, pests or drought stress. Researchers have been working to develop
fescue cultivars that can still have the endophyte and positive characteristics associated
with the plant, but without the harmful toxins seen affecting animals. Many have since
been developed, and testing has shown that animal performance on this novel type was
similar to or better than those of animals on E+ fescue.
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1.11 Novel Endophyte Tall Fescue
Kentucky 31 tall fescue is a perennial season forage grass commonly found in
pastures throughout the southeastern United States. The closely associated fungal
endophyte has improved tall fescues fitness through the change of seasons and adversity
in high stress environments. The negative aspect of the host-endophyte symbiotum is the
endophyte-produced alkaloids, which have been proven toxic to grazing livestock
species. With its success under so many stressors, farmers wanted to continue to use
Kentucky 31 tall fescue, but not have the negative associated effects. Attempts to
remove the endophyte from tall fescue have since occurred, but resulted in poor forage
growth and decreased overall fitness of fescue (Bouton et al., 1993). Researchers then
tried to remove the endophyte and replace it with a naturally occurring non-ergot alkaloid
producing endophyte. After many years of trials and experiments, several new, novel
endophyte tall fescue varieties have since been developed.
Hundreds of strains of E. coenophiala exist. The strains associated with
KY31 are known as common toxic endophyte (CTE) strains. However, many
strains of the other strains of E. coenophiala do not appear to be detrimental to
grazing animals. A US Patent was granted to AgResearch New Zealand to conduct
research on seven of the E. coenophiala endophyte strains. Of the seven, five were
later tested by Bouton et al. (2002), at the University of Georgia. The most
successful tall fescue grass/endophyte strain combination was Jesup/AR542. Novel
endophyte strain AR542 had good persistence and infection frequency in the host
cultivar when compared to the other combinations. The University of Georgia
researchers and AgResearch New Zealand drew agreements and commercialized
the successful strain (Phillips and Aiken, 2009).
AR542 was inoculated into both Jesup and University of Georgia’s ‘Georgia-5’
tall fescue populations. The inoculation was a success, later being marketed as MaxQ,
from Pennington. When tested with several of the Georgia-5 strains, AR542 continued to
show success within the region (Phillips and Aiken, 2009). The University of Georgia
continued to test various tall fescue/endophyte strains within their collaboration with
AgResearch New Zealand. Researchers at the University of Georgia, accession GA186
entered advanced testing with novel endophyte strain AR584, whose genotype selection
was out of GA-5 and AR584 (Phillips and Aiken, 2009).
In Ardmore, OK, Andy Hopkins from the Noble Foundation tested their two
experimental tall fescue populations, PDF and 97TF1. Each population was tested in
four versions including two novel endophyte strains, one endophyte free strain, and one
wild-type toxic endophyte (Phillips and Aiken, 2009). The novel endophyte strains are
the before mentioned AR542 and AR584.
University of Kentucky researchers were also conducting research with AR542
and AR584. Their two tall fescue populations, KYFA9301 and KYFA9821, both had the
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AR542 and AR584 endophytes present (Phillips and Aiken, 2009). In addition to the two
populations, five separate populations of tall fescue were sent to AgResearch for
inoculation of the novel strain. Their goal was to increase seed count and selection in
Kentucky (Phillips and Aiken, 2009).
Barenbrug USA (from Tangent, Oregon) filed for a US patent for BE9301A.
BE9301A is a low alkaloid producing tall fescue with novel endophyte strain E34
(Phillips and Aiken, 2009). This novel endophyte is commercially known under the trade
name BarOptima PLUS E34. Another company based in Denmark, DLF is also testing
novel endophyte tall fescue strains (Phillips and Aiken, 2009). With American locations
including Berry, Kentucky, and Philomath, Oregon, DLF has developed a Fesulolium
Festuca type.
As for the future of novel endophyte varieties, AgResearch, Barenbrug USA,
DLF, and Pennington, among other breeders, are all trying to select novel endophyte tall
fescues that are adaptable to North America. In other countries, other endophyte strains
are under study to improve tall fescue cultivars. Common goals include breeding strains
with non-toxic or beneficial endophytes, to increase palatability of the plant, and to
further understand specific traits of each tall fescue cultivar (Phillips and Aiken, 2009).
Reaching these goals enables researchers to be certain of alkaloid profiles, which serve
important during animal performance trials, and later as high-quality commercial
products.
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CHAPTER TWO: The Experiments

2.1 Introduction
The novel fescue developed at the University of Kentucky, KYFA9821/AR584,
has been studied for seed increase and selection in Kentucky (Phillips and Aiken, 2009),
however adverse effects on grazing horses has not been documented. Experiments in this
thesis tested the hypothesis that the novel endophyte (NE) pasture does not cause adverse
effects typically associated with Kentucky 31 tall fescue (KY31). Specific aims were to:
1) compare forage ergovaline concentrations between KY31 and NE pastures; 2) evaluate
palmar artery diameters in mares grazing KY31, NE, or orchardgrass-bluegrass (OGBG)
pastures; 3) determine mare serum prolactin, estradiol, and progesterone concentrations
associated with ingesting each pasture type over time; and 4) measure foaling outcomes
including percentage of live foals, foal birth weights, and foal growth rates.
2.2 Materials and Methods
Animals
This study was conducted over two summers, from March to September
2015, and April to July of 2016. There were six mares per pasture, 18 mares total
per year. During 2015 there were a total of 18 mixed-breed mares, six of which were
nonpregnant. Mare ages for 2015 were unknown. All of the 2015 mares were on
lease from a private provider based out of Morehead, KY. During 2016 there were
18 mixed-breed mares, all of which were nonpregnant. Ages on this group ranged
from 8-20 years of age, and these mares were from the Department of Veterinary
Sciences, Agricultural Research Farm of the University of Kentucky. Animal
protocols were approved by the Institutional Animal Care and Use Committee at the
University of Kentucky.
Diet
All mares were given ad libitum access to water, salt blocks, and mineral blocks
in each pasture. All mares were kept on pasture, and supplemented with approximately
150 grams of Hallway Feeds Veterinary Science Custom Number 3 feed prior to data
collection every morning. Before the mares were moved onto testing pastures they were
held in a holding field of OGBG and supplemented grass hay, as needed.
In 2015 the pregnant mares were assigned to be placed on either the NE pasture or
the OGBG pasture such that the estimated foaling dates were equally distributed between
the pastures. The nonpregnant mares were assigned to the KY31 pasture. In 2016 all
mares were randomly assigned to pastures.
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Establishment of Pastures
Four pastures at the Department of Veterinary Sciences, Maine Chance
Research Farm of the University of Kentucky ranged from 2.73 to 3.24 hectares,
were used for the studies. The area where the pastures were established had
previously been under a wheat and corn rotation for several years. The corn residue
was mowed, sprayed with glyphosate (4.67 kgs/hectare) and planted on October 4,
2010. The pastures were randomly assigned to be planted with either a mixture of
‘Potomac’ orchardgrass (11.11 kgs of seed/hectare) and Kentucky bluegrass (11.11
kgs of seed/hectare), KYFA9821/AR584 novel endophyte tall fescue (22.22 kgs of
seed/hectare), or Kentucky 31 tall fescue infected with the common toxic endophyte
(22.22 kgs of seed/ hectare). Pastures were designated as following: pasture #1
(OGBG, designated as “holding”), pasture #2 (OGBG), pasture #3 (KY31), and
pasture #4 (NE).
KYFA9821/AR584 originated from a fescue sample from a University of
Kentucky horse pasture in 1998. In 2002 seed was sent to New Zealand AgResearch
for endophyte inoculation. In 2008 seed production occurred at the University of
Kentucky research farm.
Forage Ergovaline Analyses
Total ergovaline (ergovaline + ergovalinine) analyses in fresh forage were
performed at the University of Kentucky Veterinary Diagnostic Laboratory, using a
method adapted from Spiering (2002). Briefly, fresh forage was frozen with liquid
nitrogen, milled and extracted with a 2-propanol/lactic acid solution and analyzed
using ultra performance liquid chromatography (UPLC) with flourimetric detection.
Sample moisture content was determined and results were converted to dry matter
basis. The minimum level of quantitation for this method was 100 ng/g.
Experimental Design
In 2014 the pregnant mares were pasture-bred to foal in the summer of 2015, but
exact breeding dates were unknown. In March of 2015, mares were received at the
Department of Veterinary Sciences, Agricultural Research Farm of the University of
Kentucky. Estimated month of foaling was determined with fetal eye measurements,
via transrectal ultrasonography (Sonosite Titan, Bothell, WA, with a linear
transducer; L52, 10-5 Mz) as described by Turner (2006). As mentioned previously,
the pregnant mares were assigned to pastures based on their estimated foaling dates,
and nonpregnant mares were assigned to the KY31 pasture. All mares were in the
holding pasture from weeks 1-3. All mares were in their respective assigned
pastures between weeks 4-14. All of the pregnant mares foaled in their respective
pastures. Mares and foals were weighed at the time jugular venous blood samples
were taken. Placentas were taken to the University of Kentucky Veterinary
Diagnostic Laboratory for analyses. Palmar artery measuring of the foaling mares
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were discontinued when the mares foaled because the mares with newborn foals
would not stand quietly for the procedure. During the first and third weeks of each
month jugular venous blood samples were collected for hormone analyses. The
KY31 nonpregnant mares were moved back to the original holding pasture after their
third ovulation. Palmer artery measurements were continued weekly from weeks 18
to 22 in the KY31 mares to document changes from before moving through moving
pastures. Foaling mares stayed on their respective pastures, but palmar artery
measurements were discontinued as mentioned above. All mares were returned to
their owner at the end of September, ending the first year of the experiment.
In 2016 all mares were started on the holding pasture. Beginning on day one
every mare was rectally palpated to monitor follicular growth and ovarian activity
within the estrus cycle. Once follicles reached 30 mm or greater in size, daily
ultrasound palpations of reproductive tract and ultrasonography of palmar artery
mean diameters were performed. Upon ovulation, day zero for the specific mare,
palmar artery measurements were collected daily until day eight. Mares were moved
to their respective pastures on day four. In this experiment, all mares were moved to
their respective field from the OGBG holding pasture during week four. Palmar
artery measurements were taken four days prior (starting day zero) and four days
post moving to monitor vasoconstriction in the palmar artery. Palpations were done
on days post ovulation to confirm ovulation and check for double ovulations. Mares
were bled on days 0-4, 8, 12, 14, 16, 18, 20, (even days) and/or with the presence of
a follicle 30 mm or greater in size. Rectal palpations were started on day 16 post
ovulation, and completed every other day until follicle reached 30 mm or greater in
size, in which palpations became daily. Palmar artery mean diameters were
completed four days prior to moving onto pastures, through four days post moving
pastures. After the mares were moved onto their respective pastures, palmar artery
mean diameters were collected once per week on either Tuesday (OGBG),
Wednesday (KY31), or Thursday (NE), to monitor vasoconstriction in the palmar
artery of the left foreleg. After the mares ovulated three times, for three complete
cycles, they were then moved back to the OGBG holding field on day 4. During this
experiment mares moved onto the OGBG holding pasture from their respective
pasture during weeks 11-13. The palmar artery measurements were performed daily
for four days prior to moving pastures, and continued until day eight post moving.
Blood samples were taken on day zero through four and day eight post moving.
Rectal palpations were completed on day one to confirm ovulation, and monitor
follicles for double ovulation until day eight, post moving.
Data Collection
In 2016, all three pastures were evaluated the first and third weeks of each month
by members of the University of Kentucky Horse Pasture Evaluation Program for plant
species present, according to the methods described by Lea (2014). Evaluations were
performed within a 2 x 2 foot square area at 10 locations in each pasture. Evaluation
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locations were determined by zigzagging back and forth across two transecting lines of
the field. At each sample location within a pasture, it was visually estimated the
percentage of tall fescue, Kentucky bluegrass, orchardgrass, white clover, weeds and bare
soil to the nearest 5% within a 2 x 2 foot square area. These numbers, along with all
weeds identified were recorded. Two tall fescue tillers were taken at each location and
placed on ice in a cooler until delivered to the testing facility. For characterization of the
fescues, the percentage with endophyte infection was determined by the University of
Kentucky Division Of Regulatory Services utilizing a Phytoscreen Immunoblot Kit
(Agrinostics, Watkinsville, GA).
Doppler ultrasonography of the left distal palmer artery in the foreleg was
completed with a Sonosite Titan and an 11mm convex array 5 to 8 MHz transducer.
Uniform machine settings were used for all animals throughout the study. Briefly, the
lateral surface of the left foreleg, just proximal to the fetlock joint, was clipped free of
hair. The transducer with coupling gel was placed between the suspensory ligaments and
the flexor tendons to visualize the palmar artery and vein. Measurements of mean artery
diameter (defined as the average of the longer and shorter axes of the elliptical shape of
the vessel), were made at peak systole to reduce variation of measurements taken within
and between horses. Three replicate palmar artery measurements were performed on each
horse on every measurement day. Previous work from the McDowell laboratory has
demonstrated that the usage of Doppler ultrasonography to measure the cross-sectional
size of the palmar artery is a simple, quick and noninvasive means to monitor ergot
alkaloid affect in horses (Hestad, 2012; McDowell et al., 2013).
Approximately 10 mL of blood were collected via venipuncture of the jugular
vein of each mare into vacuum sealed blood collection tubes for hormone analyses. The
samples were transported the same day to Gluck Equine Research Center and centrifuged
in Allegra X15R Centrifuge Beckman Coulter, for 15 minutes, 896g. Upon completion,
serum was separated into 1.5 ml tubes, organized, and stored at -20°C until analyzed for
estradiol, progesterone, and prolactin concentrations.
All of the pregnant mares foaled in their respective pastures. Placentas were
taken to the University of Kentucky Veterinary Diagnostic Laboratory where
weights were recorded. Mares and foals were weighed at the time jugular venous
blood samples were taken. Palmar artery measuring of the foaling mares were
discontinued when the mares foaled because the mares with newborn foals would not
stand quietly for the procedure.
Hormone Analyses
Serum samples were sent to Dr. Thompsons at Louisiana State University,
Department of Animal Sciences. Estradiol and progesterone were analyzed using Pantex
Immunoassay Kits (Santa Monica, CA), and prolactin was analyzed as described by
Colborn (1991).
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Statistical Analyses
Palmar artery diameter data were analyzed using SAS Software, Statistical
Analysis System Software. The experiment was a completely randomized design with
repeated measures. Both 2015 and 2016 used Mixed method for analysis. Serum
hormone data were analyzed using SAS Software. The experiment was a completely
randomized design with repeated measures. In 2015 the Mixed method was used for
analysis. In 2016 PROC Glimmix was used for the analysis, to perform estimation and
statistical inference for generalized linear models. Mare and foal weight data were
analyzed using SAS Software. The experiment was a completely randomized design
with repeated measures. The 2015 data were evaluated as a basic generalized linear
model, which is a flexible generalization of ordinary linear regression that allows for
response variables that have error distribution models other than a normal distribution.
The p value of P < 0.05 was used to determine statistical significance for all analyses.
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2.3 Results
Pasture Evaluations and Ergovaline Concentrations
Ergovaline did not appear to be produced by the novel endophyte (NE) pasture.
Ergovaline was detected in the Kentucky 31 tall fescue (KY31) pasture. For pasture
evaluation data, refer to tables 2.1-2.8. For ergovaline concentrations, refer to figures
2.1-2.6.
Palmar Artery Diameters
Palmar artery diameters were not different for mares grazing NE and
orchardgrass-bluegrass (OGBG) pastures. However, palmar artery diameters were
significantly decreased when mares were moved from control pastures to the KY31
pasture. Results are shown in figures 2.7-2.9.
Mare Serum Prolactin, Estradiol, and Progesterone Concentrations
Serum hormone concentrations were not different for pregnant mares on the NE
or OGBG pastures. Refer to figures 2.11-2.13.
Serum hormone concentrations were not different for nonpregnant mares on the
NE or OGBG pastures. However, serum hormone concentrations throughout the estrous
cycles were different for mares grazing the three different pastures. For nonpregnant
mare serum hormone concentrations. Refer to figures 2.14-2.17.
Foaling Outcomes for Pregnant Mares
All mares delivered live, healthy foals. Foaling outcomes were similar for mares
grazing NE vs OGBG pastures. For mares grazing NE vs OGBG pastures, placental
weights, foal age, and foal weights were similar. Placental weights can be found in
Table 2.9. Analysis of covariance between foal weight and foal age can be found in
Figure 2.18. No pregnant mares grazed KY31 pastures.
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Table 2.1 Pasture #1 (OGBG Holding) Pasture Evaluation Summary, 2015
Pasture #1, 2015
Date

4/23

7/22

8/5

8/19

9/11

Week of Experiment

2

15

17

19

22

Tall Fescue

1

0

0

0

0

0

KY Bluegrass

20

3

1

0

0

5

Orchardgrass

44

19

7

1

1

14

White Clover

0

4

3

1

1

2

Weeds

3

12

13

10

18

11

Bare Soil

33

63

78

89

81

69

Tall fescue
analyses

Ergovaline (ng/g)

‐

‐

‐

‐

‐

‐

Endophyte (%)

‐

‐

‐

‐

‐

‐

Calculations

Available forage*

65

26

11

2

3

21

Percentage of tall fescue in
available forage

2

0

0

0

33

7

Ergovaline concentration in
tall fescue (ng/g)**

‐

‐

‐

‐

‐

‐

Percentage of
each type of
plant identified

Avg.

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer ergovalinine
and are reported on a dry matter basis. The minimum level of quantitation was 100 ng/g.
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Table 2.2 Pasture #2 (OGBG) Pasture Evaluation Summary, 2015
Pasture #2, 2015

Percentage
of each type
of plant
identified

Tall fescue
analyses
Calculations

Date

4/23

5/6

5/20

6/3

6/18

7/8

7/22

8/5

8/19

9/11

Avg.

Week of
Experiment

2

4

6

8

10

13

15

17

19

22

Tall Fescue

0

0

0

0

0

0

0

0

0

0

0

KY Bluegrass

9

32

8

7

9

5

15

7

20

18

13

Orchardgrass

89

60

77

72

68

71

44

53

42

27

60

White Clover

0

0

0

0

0

1

0

0

0

0

0

Weeds

1

2

1

1

2

2

4

4

3

2

2

Bare Soil

2

6

15

21

22

22

38

37

36

54

25

Ergovaline
(ng/g)

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

Endophyte (%)

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

Available
Forage *

98

92

85

79

77

77

59

60

62

45

73

Percentage of
tall fescue in
available
forage

0

0

0

0

0

0

0

0

0

0

0

Ergovaline
concentration
in tall fescue
(ng/g)**

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer ergovalinine
and are reported on a dry matter basis. The minimum level of quantitation was 100
ng/g.
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Table 2.3 Pasture #3 (KY31) Pasture Evaluation Summary, 2015
Pasture #3, 2015
Date

4/23

5/6

5/20

6/3

6/18

7/8

7/22

8/5

8/19

9/11

Week of
Experiment

2

4

6

8

10

13

15

17

19

22

74

75

87

77

84

81

77

85

78

82

80

1

1

1

0

0

0

1

1

3

0

1

23

24

3

8

5

3

5

5

7

2

9

0

0

0

0

0

0

0

0

0

0

0

Weeds

0

0

1

0

1

1

0

1

2

1

1

Bare Soil

2

1

10

15

11

16

18

9

11

15

11

Ergovaline
(ng/g)

<100

217

564

419

<100

130

113

200

<100

755

Endophyte (%)

21

20

38

53

45

30

42

43

55

68

42

Available
Forage *

98

100

91

85

89

84

83

91

88

84

89

Percentage of
tall fescue in
available
forage

76

75

96

91

94

96

93

93

89

98

90

Ergovaline
concentration
in tall fescue
(ng/g)**

<100

163

539

380

<100

125

105

187

<100

737

Percentage of Tall Fescue
each type of KY Bluegrass
plant
Orchardgrass
identified
White Clover

Tall fescue
analyses
Calculations

Avg.

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer ergovalinine
and are reported on a dry matter basis. The minimum level of quantitation was 100 ng/g.
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Table 2.4 Pasture #4 (NE) Pasture Evaluation Summary, 2015
Pasture #4, 2015
Date

4/23

5/6

5/20

6/3

6/18

7/8

7/22

8/5

8/19

9/11

Week of
Experiment

2

4

6

8

10

13

15

17

19

22

93

96

93

93

93

91

84

82

91

89

91

6

2

0

1

0

0

4

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Weeds

1

1

0

1

0

0

1

1

2

2

1

Bare Soil

2

3

8

7

8

9

12

18

7

10

8

Ergovaline
(ng/g)

<100

<100 <100

<100 <100

<100 107

<100 211

<100

Endophyte (%)

60

70

63

60

94

86

70

80

81

81

74

Available
Forage *

99

98

93

94

93

91

88

82

91

89

92

Percentage of
tall fescue in
available
forage

94

98

100

99

100

100

95

100

100

100

99

Ergovaline
concentration
in tall fescue
(ng/g)**

<100

<100

Percentage of Tall Fescue
each type of KY Bluegrass
plant
Orchardgrass
identified
White Clover

Tall fescue
analyses
Calculations

<100 <100 <100

<100 102

<100 211

Avg.

<100

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer ergovalinine
and are reported on a dry matter basis. The minimum level of quantitation was 100 ng/g.
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Table 2.5 Pasture #1 (OGBG Holding) Pasture Evaluation Summary, 2016
Pasture #1, 2016
Date

4/20

5/3

5/18

6/6

7/7

7/20

8/4

Week of
Experiment

0

2

4

7

12

13

16

Tall Fescue

0

5

0

0

0

0

0

1

KY Bluegrass

25

17

26

19

9

9

0

15

Orchardgrass

33

17

13

26

16

11

11

18

White Clover

1

8

4

10

4

4

5

5

Weeds

12

14

10

28

37

35

22

23

Bare Soil

30

41

48

19

36

42

62

40

Tall fescue
analyses

Ergovaline (ng/g)

‐

‐

‐

‐

‐

‐

‐

‐

Endophyte (%)

‐

‐

‐

‐

‐

‐

‐

‐

Calculations

Available Forage *

59

47

43

55

29

24

16

39

Percentage of tall
fescue in available
forage

0

11

0

0

0

0

0

2

Ergovaline
concentration in tall
fescue (ng/g)**

‐

‐

‐

‐

‐

‐

‐

‐

Percentage
of each type
of plant
identified

Avg.

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer ergovalinine
and are reported on a dry matter basis. The minimum level of quantitation was 100 ng/g.
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Table 2.6 Pasture #2 (OGBG) Pasture Evaluation Summary, 2016
Pasture #2, 2016
Date

4/20

5/3

5/18

6/6

6/23

7/6

7/22

8/4

Week of
Experiment

0

2

4

7

10

11

14

16

Tall Fescue

0

0

1

16

0

0

0

0

2

KY Bluegrass

11

25

21

32

23

18

21

19

21

Orchardgrass

75

62

61

39

44

57

59

33

54

White Clover

0

0

0

0

0

0

0

0

0

Weeds

7

2

4

4

9

6

5

10

6

Bare Soil

9

11

14

11

25

20

17

39

18

Tall fescue
analyses

Ergovaline (ng/g)

‐

‐

‐

‐

‐

‐

‐

‐

‐

Endophyte (%)

‐

‐

‐

‐

‐

‐

‐

‐

‐

Calculations

Available Forage *

86

87

83

87

67

75

80

52

77

Percentage of tall
fescue in available
forage

0

0

1

18

0

0

0

0

2

Ergovaline
concentration in tall
fescue (ng/g)**

‐

‐

‐

‐

‐

‐

‐

‐

‐

Percentage
of each type
of plant
identified

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer
ergovalinine and are reported on a dry matter basis. The minimum level of
quantitation was 100 ng/g.

35

Avg.

Table 2.7 Pasture #3 (KY31) Pasture Evaluation Summary, 2016
Pasture #3, 2016

Percentage of
each type of
plant
identified

Date

4/20

5/3

5/18

6/6

6/23

7/6

7/19

8/4

Avg.

Week of Experiment

0

2

4

7

10

11

13

16

Tall Fescue

93

83

92

92

80

85

88

85

87

KY Bluegrass

0

4

3

2

0

0

0

0

1

Orchardgrass

0

11

3

3

6

5

5

4

5

White Clover

0

0

0

0

0

0

0

0

0

Weeds

0

1

0

1

3

2

1

2

1

Bare Soil

8

3

3

4

12

9

7

9

7

Tall fescue
analyses

Ergovaline (ng/g)

<100

257

381

331

355

119

<100

<100

Endophyte (%)

45

25

74

53

43

41

43

82

51

Calculations

Available Forage *

93

98

98

97

86

90

93

89

93

Percentage of tall
fescue in available
forage

100

85

94

95

93

94

95

96

94

Ergovaline
concentration in tall
fescue (ng/g)**

<100

218

358

314

330

112

<100

<100

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer ergovalinine
and are reported on a dry matter basis. The minimum level of quantitation was 100 ng/g.
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Table 2.8 Pasture #4 (NE) Pasture Evaluation Summary, 2016
Pasture #4, 2016

Percentage of
each type of
plant
identified

Date

4/20

5/3

5/18

6/6

6/23

7/6

7/19

8/4

Avg.

Week of
Experiment

0

2

4

7

10

11

13

16

Tall Fescue

79

92

91

84

95

94

92

89

90

KY Bluegrass

0

6

0

7

0

0

1

0

2

Orchardgrass

0

0

0

0

0

0

0

0

0

White Clover

0

0

0

0

0

0

1

0

0

Weeds

5

0

1

2

1

2

3

1

2

Bare Soil

17

3

9

8

5

4

4

11

8

Tall fescue
analyses

Ergovaline (ng/g)

<100

<100

<100

<100

<100

<100

<100

183

Endophyte (%)

70

81

45

60

90

90

74

59

71

Calculations

Available Forage *

79

98

91

91

95

94

94

89

91

Percentage of tall
fescue in available
forage

100

94

100

92

100

100

98

100

98

Ergovaline
concentration in tall
fescue (ng/g)**

<100

<100

<100

<100

<100

<100

<100

183

Dashes indicate lack of tall fescue plants, therefore no analyses were performed.
* Available forage is the total of tall fescue, KY bluegrass, orchardgrass, and white
clover.
**Ergovaline concentrations reported represent ergovaline plus its epimer
ergovalinine and are reported on a dry matter basis. The minimum level of
quantitation was 100 ng/g.
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Figure 2.1 2015 Kentucky 31 pasture ergovaline concentrations. Ergovaline
concentrations reported represent ergovaline plus its epimer ergovalinine and are
reported on a dry matter basis. The minimum level of quantitation was 100 ng/g. Values
at less than 100 ng/g were plotted as zero for the purposes of this graph. The first blue
vertical line indicates movement of horses from OGBG holding pasture to KY31
pasture. The second line indicates start of mare movement back to OGBG holding
pasture, and the third line indicates when the last mare was moved back to the OGBG
holding pasture.

Figure 2.2 2016 Kentucky 31 pasture ergovaline concentrations. Ergovaline
concentrations reported represent ergovaline plus its epimer ergovalinine and are
reported on a dry matter basis. The minimum level of quantitation was 100 ng/g. Values
at less than 100 ng/g were plotted as zero for the purposes of this graph. The first blue
vertical line indicates movement of horses from OGBG holding pasture to KY31
pasture. The second line indicates start of mare movement back to OGBG holding
pasture, and the third line indicates when the last mare was moved back to the OGBG
holding pasture.
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Figure 2.3 Comparison of Kentucky 31 pasture ergovaline concentrations between 2015
vs 2016. Ergovaline concentrations reported represent ergovaline plus its epimer
ergovalinine and are reported on a dry matter basis. The minimum level of quantitation
was 100 ng/g. Values at less than 100 ng/g were plotted as zero for the purposes of this
graph. The first blue vertical line indicates movement of horses from OGBG holding
pasture to KY31. The second lines indicate when mares were returned back to OGBG
holding pasture.

Figure 2.4 2015 Novel endophyte pasture ergovaline concentrations. Ergovaline
concentrations reported represent ergovaline plus its epimer ergovalinine and are
reported on a dry matter basis. The minimum level of quantitation was 100 ng/g. Values
at less than 100 ng/g were plotted as zero for the purposes of this graph. The first blue
vertical line indicates movement of horses from OGBG holding pasture to NE pasture.
The second line indicates start of mare movement back to OGBG holding pasture, and
the third line indicates when the last mare was moved back to the OGBG holding
pasture.
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Figure 2.5 2016 Novel endophyte pasture ergovaline concentrations. Ergovaline
concentrations reported represent ergovaline plus its epimer ergovalinine and are
reported on a dry matter basis. The minimum level of quantitation was 100 ng/g. Values
at less than 100 ng/g were plotted as zero for the purposes of this graph. The first blue
vertical line indicates movement of horses from OGBG holding pasture to NE. The
second line indicates the start of mare movement back to OGBG holding pasture.

Figure 2.6 Comparison of novel endophyte pasture ergovaline concentrations between
2015 vs 2016. Ergovaline concentrations reported represent ergovaline plus its epimer
ergovalinine and are reported on a dry matter basis. The minimum level of quantitation
was 100 ng/g. Values at less than 100 ng/g were plotted as zero for the purposes of this
graph. The first blue vertical line indicates movement of horses from OGBG holding
pasture to NE. The second lines indicate when mares were returned back to OGBG
holding pasture.
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Comparison of Palmar Artery Diameters in Mares Grazing
KY31, NE, or OGBG in 2015
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Figure 2.7 Changes of palmar artery diameters in mares grazing KY31, NE, or OGBG
in 2015. Mean palmar artery diameters of mares grazing KY31, NE, or OGBG, within
the same week that have different letters are different (P < 0.05). The first blue vertical
line indicates movement of horses from OGBG holding pasture to KY31, NE, or OGBG.
The second line indicates the start of mare movement back to OGBG holding pasture.
The third line indicates when the last mare was moved back to the OGBG holding
pasture. Data points represent the mean and standard error.
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Changes of Palmar Artery Diameters in Mares Grazing
KY31, NE, or OGBG in 2016
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Figure 2.8 Changes of palmar artery diameters in mares grazing KY31, NE, or OGBG in
2016. Mean palmar artery diameters of mares grazing KY31, NE, or OGBG, within the
same week that have different letters are different (P < 0.05). The first blue vertical line
indicates movement of horses from OGBG holding pasture to KY31, NE, or OGBG. The
second line indicates the start of mare movement back to OGBG holding pasture. Data
points represent the mean and standard error.
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Comparison of Palmar Artery Diameters between
Kentucky 31 Pasture, 2015 vs 2016
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Figure 2.9 Comparison of palmar artery diameters between KY31 2015 pasture and 2016
pasture. Mean palmar artery diameters within the same week that have different letters
are different (P < 0.05). The first blue vertical line indicates movement of horses from
OGBG holding pasture to KY31, NE, or OGBG. The second line for the 2016 data
indicates when mares were returned back to OGBG holding pasture. Data points
represent the mean and standard error.

Figure 2.10 (A). Ultrasonic image of palmar digital artery in a mare grazing OGBG,
indicating diameter. (B) Ultrasonic image of palmar digital artery in the same mare after
grazing KY31 tall fescue for 3 days. Figure A and B are the same magnification.
Different colors indicate different speeds of blood flow.
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Figure 2.11 Serum estradiol concentrations in mares grazing OGBG vs NE pastures,
2015. There were no differences in estradiol concentrations between the two groups of
mares. Data points represent the mean and standard error.

Figure 2.12 Serum progesterone concentrations in mares grazing OGBG vs NE pastures,
2015. There were no differences in progesterone concentrations between the two groups
of mares. Data points represent the mean and standard error.
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Figure 2.13 Serum prolactin concentrations in mares grazing OGBG vs NE pastures,
2015. There were no differences in prolactin concentrations between the two groups of
mares. Data points represent the mean and standard error.

Figure 2.14 Serum progesterone (P4), prolactin (PRL), and estradiol (E2) concentrations
in nonpregnant mares grazing KY31 tall fescue pasture, 2015. Each vertical blue line
present at 0 on the x axis represents the start of a new estrous cycle. Data points
represent the mean and standard error.
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Figure 2.15 Serum estradiol concentrations in nonpregnant mares grazing KY31 tall
fescue pasture, 2016. Each vertical blue line present at 0 on the x axis represents the
start of a new estrous cycle. Data points represent the mean and standard error.

Figure 2.16 Serum progesterone, concentrations in nonpregnant mares grazing KY31 tall
fescue pasture, 2016. Each vertical blue line present at 0 on the x axis represents the
start of a new estrous cycle. Data points represent the mean and standard error.
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Figure 2.17 Serum prolactin concentrations in nonpregnant mares grazing KY31 tall
fescue pasture, 2016. Each vertical blue line present at 0 on the x axis represents the
start of a new estrous cycle. Data points represent the mean and standard error.

Table 2.9 Placental Weights, 2015
Placental Weights, 2015
Avg. Weight (kg)

Minimum (kg)

Maximum (kg)

NE

4.45

3.2

5.4

OGBG

4.23

3.6

5.0

NE and OGBG
4.4
3.2
5.4
Note: Three of the 12 placental weights were unavailable for weighing, therefore their
data were not included in the calculations.
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Figure 2.18 Growth rates were not different between foals born to mares grazing NE
pastures vs OGBG pastures. Data markers represent foal age and foal weight of each foal
on weighing days. Note: Three of the 12 placental weights were unavailable for
weighing, therefore their data were not included in the calculations.
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2.4 Discussion
Experiments in this thesis tested the hypothesis that the NE pasture does not cause
adverse effects typically associated with KY31. Our study results support the hypothesis.
Ergovaline was detected in NE pasture samples in low concentrations in a total of
two samples, one each at the end of each year. This was an unexpected finding, and
possible reasons for these results include ingrowth of KY31 into the NE pasture,
inadvertent misidentification of samples, or laboratory error. Another possibility may
have been undocumented presence of ergot bodies associated with Claviceps purpurea.
In the KY31 pasture in week 7, 2015, there was a sudden drop in ergovaline
concentration. Possible explanations include a laboratory mistake, improper storage and
handling of samples, or mislabeling of samples.
Palmar artery mean diameter results support the hypothesis. Palmar artery mean
diameters from mares grazing the NE pasture were not different than palmar artery mean
diameters from mares grazing the OGBG pasture.
In mares grazing KY31 pastures, palmar artery mean diameters decreased as
expected within one week of mares being moved to the KY31 pasture. This
vasoconstriction continued throughout the duration of the 14 week experiment in 2015.
Unexpectedly in 2016, palmar artery diameters were only vasoconstricted for the first
four weeks after the mares were moved to the KY31 pasture. After the first four week
period, the palmar artery mean diameters in mares grazing KY31, NE, or OGBG pastures
were no different. This finding could not be explained.
Mare serum hormone concentration results support the hypothesis. Serum
estradiol, prolactin, and progesterone concentrations from mares grazing NE pasture were
not different than serum hormone concentrations from mares grazing OGBG pasture.
In mares grazing KY31 pasture in 2015, mare serum hormone concentration
curves were as expected and similar to other reports in the literature (Worthy et al., 1986;
Ginther, 1992, p.238). From day 0 to 16 in every cycle, the progesterone curve is a “soft
curve,” also noted and discussed in Ginther (1992, p.238). Prolactin data were constant
throughout. Overall, the NE and OGBG pregnant mare serum hormone concentration
were as expected. There were no differences recorded between NE vs OGBG pregnant
mare serum hormone concentrations.
In mares grazing KY31 pastures in 2016, hormone serum concentrations were
statistically lower than hormone serum concentrations from mares grazing NE or OGBG
pastures, as expected. The lower concentrations of estradiol and progesterone occurred
during the usual peak periods of the cycle. After the peaks, the serum concentrations in
mares grazing KY31, NE, or OGBG pastures were not different. The KY31 mares
estradiol serum concentration was statistically lower than either the NE or OGBG mares
estradiol serum concentration on average during days 18-22.
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The KY31 mares progesterone serum concentration were statistically lower than
either the NE or OGBG mares progesterone serum concentration on average during days
6-14. Lower progesterone concentration findings have been reported in the literature
(Monroe et al., 1988; Jones et al., 2003). Monroe reported reduced progesterone levels in
mares grazing endophyte-infected pastures, while Jones suggested that local
vasoconstriction of blood flow to the ovary and/or corpus luteum was likely responsible
for the lower concentrations of progesterone. Comparatively, Hestad (2012)
demonstrated that blood flow to the corpus luteum is reduced.
The KY31 mares mean serum prolactin concentration was statistically lower than
either the NE or OGBG mares prolactin serum concentration. During the normal
prolactin peaks immediately prior to ovulation, KY31 pasture mares serum prolactin did
not increase as did the prolactin serum concentrations from mares grazing NE or OGBG
pastures. During these peaks, serum prolactin concentrations from mares grazing KY31
were statistically lower than serum prolactin concentration from mares grazing either NE
or OGBG, while NE and OGBG data were not different.
Foaling outcome results support the hypothesis. All foals were born live and
healthy. Placental weights were similar between mares grazing the NE pasture vs mares
grazing the OGBG pasture. Placental weight averages of mares grazing NE pasture were
less than 0.25kg apart from mares grazing OGBG pasture. Minimum and maximum
placental weights were similar. This shows that the NE group is similar to the OGBG
group. The KY31 mares were not pregnant during this study and thus did not have
placental weight data.
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2.5 Conclusion
The NE pasture had lower ergovaline concentrations than the KY31 pasture.
The concentrations in the NE pasture were mostly below the <100 ng/g threshold,
which is considered nontoxic to grazing horses. No negative effects were documented
in any of the mares on the NE pasture.
The palmar artery mean diameters in mares grazing NE and OGBG pastures
were not different. The palmar artery mean diameters were statistically higher (larger
diameters) in mares grazing NE and OGBG pastures than in mares grazing KY31.
Hormone serum profiles were not different between mares grazing NE pastures
and OGBG pastures. There were no negative effects documented in any of the mares on
the NE pasture.
The placental weights and foal growth rates of newborn foals were very similar
between NE pasture vs OGBG pasture. The birth weights and growth rates show a
positive linear relationship. The relationship supports that the foals born and raised on
the NE pasture have similar birth weights and growth rates as do the foals on the OGBG
pasture.
In conclusion, study results showed that in general, NE pasture did not produce
ergovaline concentrations greater than the minimum level of quantitation, and there were
no negative effects on palmar artery mean diameter, reproductive hormones, or foaling
outcomes in mares grazing NE pastures. As such, the NE pasture was statistically not
different than the OGBG pasture, a forage variety very commonly used in the equine
industry. Therefore, the NE variety has potential to be used as a forage in the equine
industry, specifically including pregnant mares.
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